Abstract: Today, with changing patterns of production and services competition, independent companies are faced with competition between supply chains. Most of the small and medium businesses (SMEs) are still used to the traditional supply planning, production and distribution. It means, each of these SMEs plan independently for their activities, in most cases, this will increase the cost of the whole supply chain. In this study, we present a robust model of location, inventory in three-echelon supply chain under uncertainty. Model has been considered in single-period, multi-product, multi-mode transportation with three level producers -distributors-retailers in certain and robust mode. The innovation of this article are considering multi-mode transportation, rousting the model and sending the goods directly from the factory to the retailer. The objective of the proposed model is minimising the total cost of the three-echelon supply chain. The certain model is solved by GAMS and robust model is solved by GAMS and augmented ε-constraint method.
Introduction
Today, the previous production management approaches that pursued less integration in their processes have lost their effectiveness, and supply chain as an integrated approach for proper management of material, goods, information, and financial has ability to response the requirements (Sadeghi Moghadam et al., 2010) . Inventory is an integral component of the business. Inventory have been mixed with distribution, storage, manufacturing, material handling, marketing and finance. The primary purpose of the inventory is to create reserves to deal with uncertainty in the supply chain. The purpose of inventory management is to have an appropriate amount of material in the right place, at the right time and at low cost (Karimi and Jenabi, 2013) . The inventory role has a major role in success or failure of the supply chain, so coordination of inventory levels throughout the supply chain is important (Sadeghi Moghadam et al., 2010) . Industries face to different challenges in trying to solve facility location decisions and the allocation of tasks under uncertain demand and other parameters (Wang et al., 2011b) . Supply chain performance extent depends on multiple criteria/attributes (Kumar Sahu et al., 2013) . Effective and sustainable supply chain has competitive advantage for countries and companies, and prepares them to deal with increasing environmental disturbances and intense competitive pressures (Pishvaee et al., 2011) . Location decisions play a critical role in the strategic design of supply chain networks (Melo et al., 2010) . Considering all this problems together help a whole supply chain to achieve high productivity by minimising all costs which imposed to it and other related problems that affect supply chain. This paper has some innovations such as, multi-mode transportation with robust model and possibility of sending goods from factory to retailers directly.
Literature review
So far, research on location, inventory and a combination of them have been done in supply chain the some of them are mentioned below. Ahmadi-Javid and Hoseinpour (2015) study a profit-maximisation location-inventory problem in a multi-commodity supply chain distribution network with price-sensitive demands. The problem determines location, allocation, price and order-size decisions in order to maximise the total profit of serving the customers. The problem is formulated as a mixed-integer nonlinear programming model and solved using a Lagrangian relaxation algorithm for the two cases of uncapacitated and capacitated distribution centres. Shahabi et al. (2014) considers a three level location-inventory problem where demand across the retailers is assumed to be correlated. They first present a reformulation scheme by which the initial formulation is transformed into a mixed integer conic quadratic program. Diabat et al. (2014) consider a multi-echelon joint inventory-location (MJIL) problem that makes location, order assignment, and inventory decisions simultaneously. The model deals with the distribution of a single commodity from a single manufacturer to a set of retailers through a set of sites where distribution centres can be located. The retailers face deterministic demand and hold working inventory. The distribution centres order a single commodity from the manufacturer at regular intervals and distribute the product to the retailers. The problem is formulated as a nonlinear mixed-integer program, which is shown to be NP-hard. They present a Lagrangian relaxation-based heuristic that is capable of efficiently solving large-size instances of the problem. Van Wijk et al. (2013) study a multi-location inventory problem with a so-called quick response warehouse and base stock inventory control. In case of a stock-out at a local warehouse, a demand can be satisfied by a stock transfer from the quick response warehouse. They derive the optimal policy for when to apply such a stock transfer, as well as conditions under which that is always optimal. They compare the optimal allocation policy to simpler policies. Noorang and Malek (2013) have developed a two-objective fuzzy model for the regulation of safety stock in the supply chain in storage department. This model extended based on the total cost and the level of customer service to ensure setting safety stock in supply chain at the central parts of Khorasan. Moddares Yazdi et al. (2012) in an article, level of precautionary saving in the supply chain with multiple channels and multiple levels have been calculated by using nonlinear programming. In this essay a nonlinear model to determine level of precautionary saving maintenance provided in different parts of the supply chain with the aim of minimising the costs associated with storage precautions. Hongtao et al. (2011) offered an optimal decision model in two-level supply chain. The main purpose was determining wholesale prices, marketing costs for goods suppliers and retailers, replenishment cycle of the product and return orders so that maximise the total profit for both levels. This scenario is modelled by Stackelberg game. Liu et al. (2010) offered a model for capacity location with online tensile demand in multi-channel supply chain. The object is to minimise transportation costs, inventory costs and transportation fixed costs in system, while in online allocation online demand has been considered.
Define the problem
One of the issues which considered in the early stages of the facility design is facility location. In the field of construction, unit is a place where the raw materials, necessary equipment to process and human resources gather to produce the final product. Beginning of the new century associated with unique and unprecedented changes in organisational operations. Many problems that lead the company to a non-competitive company are rooted in the mission and functions of manufacturing companies. Problems such as quality and low reliability, delay in delivery, high production costs and lack of proper inventories in the right place. It is quite clear that, organisations which able to continue their activities with lower inventory levels will benefit from more competitive advantages (Karimi and Jenabi, 2013) . Industries face to several challenges in trying to solve facility location decisions and allocation of tasks under uncertain demand and other parameters. Probably changes in many parameters and constants such as demand, distribution costs and etc. during this time horizon, have a big flaw for certain models, because the initial response by changing some parameters may not be a good answer for the problem so organisations need to re-locate facilities which is time-consuming and has high costs (Wang et al., 2011a) . The model includes deciding on the location of the centres of production and distribution and inventory costs throughout supply chain in order to achieve a level of integration in supply chain. As mentioned above, the model includes three levels of manufacturers, distributors and retailers (three-echelon). The results of this study for three-level loop supply chain, including manufacturers, distributors and retailers are applicable, also it can be generalise to manufacturing and service enterprises, factories, manufacturing centres, distribution centres for controlling and managing inventory and locating production centres and distribution centres. As a result this work cause to increase level of customer service, improve service quality, reduce costs and therefore profitability and achieve sustainable competitive advantage for the supply chain.
Model hypothesis in both deterministic and robust model are as follows:
• the system consists of several factories, distribution centres and retailers (three-echelon)
• single-period and multi-product is considered for system
• the demand of customers is uncertain
• each demand centres (retailers) can provide their requirements from distribution centres or directly from factory
• distribution centres can provide their requirements from factory or backup distribution centres
• multi-mode transportation is considered for movement of goods (road, railway, air and marine)
• retailer demands are independent
• production centres have a limited capacity to produce goods.
Sustainable optimisation
Despite the fact that stochastic programming has many planning applications, usual stochastic programming models due to an inability to manage risk aversion or preferences of decision makers are severely limited. Sustainable planning of Mulvey et al. (1995) which is improved stochastic programming for dealing with risk-averse decision makers which is not possible to use the common stochastic programming (Bozorgi-Amiri et al., 2012) . In this procedure term changes related to main objective function is completed by the weight parameter till show risk tolerance of model makers. In following there is a brief description of the sustainable optimisation. To minimise the above equation Yu and Li (2000) provide an effective method which is modeled as follows:
Subject to:
For changing deterministic model to robust model we use equation (1), and λ is considered one to be more sensitive in changes.
Multi-objective optimisation
Optimisation is to find one or more possible solutions that comply with the ultimate values of one or more target. Find these optimised points can be in relation to cost minimisation or profit maximisation (Deb et al., 2002) . One of the common methods used to obtain the efficient border is adding restrictions or ε-constraint. In this method, one objective function considered as the main objective, and the objective function is limited to extent permitted ε 0 which is possible to change ε 0 for producing Pareto answers. This change takes place by the decision-maker to produce Pareto answers. To find the optimum and non-optimum the following equation is used.
In this equation e 2 is none-optimal answer of usual ε-constraint and δ is a very small number. Steps of proposed solution are as follows:
1 select a target as a basis 2 determine the number of Pareto points 3 find the optimal and non-optimal table for objective functions 4 find the optimal and non-optimal table by using equation (2) 5 finding Pareto answers 6 selecting from optimal Pareto points by decision makers 7 if decision makers satisfied with selecting point algorithm ends otherwise, from the points selected by decision makers again extracted new Pareto points (Narendra and Liang, 2008) .
Presentation of model
As mentioned earlier, model designed to determine the overall structure of the supply chain, minimising the total cost of the supply chain. Set of indices, variables and parameters which used in the final model as follows: Table 1 Set of indices
Set of potential places of factories i = 1,…,I
Set After introducing index, variables and parameters of model now we give objective function and constraints of definitive model. At first, we separate two goals that pointing in reinforced epsilon constraints and then the model is described in detail.
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Limitations of the model are as follows:
• Equation (1) is objective function in order to minimise all costs including, fixed costs of establishing factory and distribution centre, operational costs, transportation costs, production and maintenance costs and penalty costs
• Constraints (2): In maximum as much available time in factory i can be produced goods
• Constraint (3): Capacity constraints of distribution centres
• Constraint (4): The total output goods of each wholesaler is not higher than the total inventory
• Constraint (5): Capacity constraints for transportation modes of factory i
• Constraint (6): Capacity constraints for transportation modes of distribution centre j
• Constraint (7): This equation shows shortage or inventory levels at each retailer
• Constraints (8-15): constraints which related to choice of transportation mode. Big M is a very big number
• Constraints (16-20): Shows dependency amount of transported goods to factories and distribution centres. The factories and distribution centres should be established to set these values.
• Constraint (21): Variable that must be greater than or equal to zero
• Constraint (22): Indicates zero and one variables of model
After introducing a definitive model we present index, variables and parameters of the robust model and total robust model. Set of indexes used in the model is the same as definite model plus this one.
Table 4
Set of indices in robust model moreover the set of indices in deterministic model Set of possible scenarios s = 1,…,S Variables and parameters of robust model are such as deterministic model except those which listed in Table 5 . Table 5 shows parameters of robust model that have been changed compared to the deterministic model. After introducing index, variables and parameters of the model, we expressed objective function and constraints. First, as the same in the deterministic model we separate the two goals which pointed in reinforced epsilon constraints and then the full model will bring. 
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, , , a jkams j jams jms Limitations of the model are as follows:
• Equation (1) is objective function to minimise costs including, including fixed costs of establishing factory and distribution centre, operational costs, transportation costs, production and maintenance costs and penalty cost.
• Constraints (2): In maximum as much available time in factory i can be produced goods.
• Constraint (3): Capacity constraints of distribution centres.
• Constraint (4): The total output goods of each wholesaler is not higher than the total inventory.
• Constraint (5): Capacity constraints for transportation modes of factory i.
• Constraint (6): Capacity constraints for transportation modes of distribution centre j.
• Constraint (7): This equation shows shortage or inventory levels at each retailer.
• Constraints (8-15): constraints which related to choice of transportation mode. Big M is a very big number.
• Constraints (16-20): Shows dependency amount of transported goods to factory and distribution centre. The factory and distribution centre should be established to set these values.
• Constraints (21-22): Robust constraints of model.
• Constraint (23): Variable that must be greater than or equal to zero.
• Constraint (24): Indicates zero and one variables of model.
Analysis of results
To validate the presented model in this section by few examples the results have been discussed. Due to shortage of valid data in the literature we need to be produced examples of issues. For this purpose, the following example of the production procedure of example which described in the following, were used.
Production example sample
As mentioned, since the model was not found in the literature and a model which have all considered parameters does not available, so examples and parameters of model have been generated by random.
Solve a numerical example
The example was solved in a small scale and obtained results in Table 7 and Table 8 .
In solve, robust model established factories numbers 1 and 2, distribution centres 2 and 3, but deterministic model established factory 1 and distribution centres numbers 1 and 2.
The impact of magnitude of the problem on time solving
In this section, in order to evaluate the effect of increasing the size of the problem on time solving five problems were examined and resolved. In the single-objective model the two discussed objectives are become to one target by weighting method, with equal weights 0.5 were gathered together. As specified in diagram, time solution in robust model is more.
The results of the two-objective model
In this part, in order to evaluate time solution of model by increasing magnitude of problem, two-objective model in both robust and deterministic models were solved by using reinforced Epsilon constraints approach. For this purpose, 4 Pareto points was considered and models solved with this method. Table 9 shows the results. As you can see in results table, total amount of objective function in two-objective mode in both deterministic and robust models confirm the results in single-objective models with a small percentage fault, which show the effectiveness of used method. Here's time solution in robust model is more, too.
Conflict in objective functions
In this section to examine the conflict in objective functions we presented a chart for a given problem. In the graph, it is clear that first and second objectives are in conflict with each other and with the decrease in one objective function another objective function increases. Time solution in two-objective robust model is more than deterministic model. 
Results and conclusions
In this paper we present a model for location and inventory in a three-echelon supply chain, including manufacturers, distributors and retailers. The model is formulated as an integer linear programming and after producing examples problems was solved by software. It is worth mentioning that the stability of model we used researches of Mulvey and his colleagues, which mentioned earlier model was formulated. By increasing number of factors involved in the chain, as expected cost increases. The purpose of this model was to minimise costs. Robust model also consider variance of costs so values of it was more than the deterministic model, but the advantage of robust model compared to deterministic model is that considering variances in costs and scenario in demand cause that robust model always be accountable, but deterministic model may not work for some changes in demand. The results of model in two-objective state robust model confirmed the results of model in single-objective state. It means that, sum of two objective functions with single-objective function is nearly equal with a percentage of faults. These results help supply chain to achieve higher profits, better decisions in critical situations and can help increase the level of customer service and increase the efficiency of whole supply chain. Diversity of potential applications and the plethora of technologies currently available or are being developed to meet various industrial needs can be used. Some limitations of this study are inability to compute large scale problems and failure to use a real example. In future research, other parameters can be added to the model, using fuzzy parameters in the model, other purposes can also be considered for intended supply chain, develop model to the location-routing-inventory model and review the model in multi-period state. Moreover, meta-heuristic algorithms can be used to solve the model.
